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Bulk metallic glasses (BMGs) with critical diameters of 2.5–3 mm were synthesized in
the (Cu0.6Zr0.3Ti0.1)100−x−yNiyNbx system by copper-mold casting. These alloys exhibit
a large supercooled liquid region (Tx) of 40–60 K and a high reduced glass transition
temperature (Tg/Tl) of 0.60–0.61, indicating high glass-forming ability and high thermal
stability of the supercooled liquid. The corrosion rates in 1 N HCl and 3 mass% NaCl
solutions significantly decrease by simultaneous alloying with Ni and Nb elements.
The addition is also effective in raising the pitting potential in chloride solutions. The
addition of Ni and Nb is favorable for the alloys in forming Zr-, Ti-, and Nb-enriched
highly protective surface films in HCl and NaCl solutions.
I. INTRODUCTION
A great deal of research has been carried out on recently
developed Cu-based bulk metallic glasses (BMGs), as ex-
emplified for the Cu–(Zr,Hf)–Ti,1–3 Cu–(Zr,Hf)–Al,4–7
Cu–Zr–Al–(Ti,Y),8,9 Cu–Zr–Ti–Ag10 systems. The Cu-
based BMGs are known for their ultrahigh strength ex-
ceeding 2 GPa, high glass-forming ability (GFA), and
good wear resistance; they have potential applications as
advanced engineering materials in many areas, such as
surgical instruments and bipolar plates in fuel cells. In
particular, Cu–Zr–Ti-based BMGs, with low-cost fabri-
cation and easy forming ability in the viscous state, show
high potential for application. However, the corrosion
resistance of these Cu-based BMGs is not always better
than that for conventional Cu-based crystalline alloys,
though the tensile strength levels are 2 to 5 times higher
for the Cu-based BMGs.11 Therefore, there is a need to
improve their corrosion resistance to make them accept-
able for use on the industrial level. In our previous work,
the effects of different alloying elements on thermal sta-
bility, GFA, and corrosion resistance of Cu–Zr(Hf)–Ti-
based BMGs were investigated.12–15 The addition of Mo,
Ta, or Nb effectively improves the corrosion resistance
of the Cu–Zr(Hf)–Ti-based BMGs in various aggressive
environments. Unfortunately, the supercooled liquid re-
gion (Tx) decreases greatly with alloying additional el-
ements, resulting in a decrease in GFA and thermal sta-
bility of the supercooled liquid before crystallization.
Therefore, the limitations of thermal stability and com-
position range for the glass formation for the Cu–Zr(Hf)–
Ti-based alloys will prevent further extension of their
applications. Great efforts have been devoted to devel-
oping new BMGs with larger supercooled liquid region
and good viscous flow workability in conjunction with
higher corrosion resistance.
Recently, we found that the addition of 5 at.% Ni to
Cu–Zr(Hf)–Ti-based BMGs caused a significant increase
in the supercooled liquid region and the extension of the
composition range for the bulk metallic glass formation.
In addition, the simultaneous addition of Ni and Nb el-
ements is effective for the improvement of corrosion re-
sistance in the maintenance of high GFA. The present
study aimed to investigate the effects of additional ele-
ments Ni and Nb on thermal properties, GFA, and cor-
rosion resistance of Cu–Zr–Ti–Ni–Nb alloys. X-ray pho-
toelectron spectroscopy (XPS) analysis was performed to
clarify the surface-related chemical characteristics of the
alloy before and after immersion in the solutions; this has
led to better understanding of the correlation between the
surface composition and the corrosion resistance.
II. EXPERIMENTAL PROCEDURE
Master alloys with nominal compositions of
(Cu0.6Zr0.3Ti0.1)100−x−yNiyNbx (x  0 to 6 at.% and y 
0 to 7 at.%) were prepared from pure elemental Cu, Zr,
Ti, Ni, and Nb of 99.9 mass% purity by arc melting under
an argon atmosphere using a water-cooled Cu hearth. At
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first, the binary alloy of Zr and Nb was prepared. This
binary alloy was then melted with Cu, Ti, and Ni. Re-
melted ingots were ejected into a copper mold to produce
a 50-mm-long cylindrical rod with diameters up to 4 mm.
The structure of the specimens was examined by x-ray
diffraction (XRD) using Cu K radiation. The thermal
stability associated with glass transition temperature (Tg)
and crystallization temperature (Tx) for the glassy alloys
was investigated by differential scanning calorimetry
(DSC) at a heating rate of 0.67 K/s. The liquidus tem-
perature was determined by differential thermal analysis
(DTA) at a heating and cooling rate of 0.033 K/s.
The corrosion behavior of the BMGs was evaluated by
weight loss and electrochemical measurements. The
specimens were 2 cm long with a diameter of 1.5 mm.
Prior to corrosion tests, the specimens were mechanically
polished in cyclohexane with silicon carbide paper up to
grit 2000, degreased in acetone, washed in distilled
water, dried in air, and further exposed to air for 24 h
for good reproducibility. Electrolytes of 1 N HCl and
3 mass% NaCl solutions open to air were used at room
temperature (about 298 K). The solutions were prepared
from reagent grade chemicals and high-purity deionized
water. The corrosion rates were estimated from the
weight loss after immersion in the solutions for 1 week.
The weight loss for each alloy was measured three times,
and the average value was used for estimation of the
corrosion rate. Electrochemical measurements were con-
ducted in a three-electrode cell using a platinum counter
electrode and an Ag/AgCl reference electrode. Potentio-
dynamic polarization curves were measured at a potential
sweep rate of 50 mV min−1 after open-circuit immersion
for about 20 min when the open-circuit potential became
almost steady.
XPS measurements for surface analysis of the speci-
mens before and after immersion in the solutions
were performed using an SSI SSX-100 photoelectron
spectrometer (Surface Science, Inc., US) with monochro-
matized Al K excitation (h  1486.6 eV). The com-
position of the surface film and the composition of the
underlying alloy surface were quantitatively determined
with a previously proposed method using the integrated
intensities of photoelectrons under the assumption of a
three-layer model of an outmost contaminant hydrocar-
bon layer of uniform thickness, a surface film of uniform
thickness, and an underlying alloy surface of infinite
thickness with regard to x-ray photoelectrons.16,17
III. RESULTS AND DISCUSSION
A. Effects of Ni and Nb additions on the GFA and
thermal stability
From XRD patterns in Fig. 1, it can be seen that bulk
alloys with a diameter of 1.5 mm consisting of a glassy
single phase without crystallinity were fabricated in a
wide composition range of 0–7 at.% Ni and 0–6 at.% Nb
for the (Cu0.6Zr0.3Ti0.1)100−x−yNiyNbx alloys. Figure 2
shows DSC curves of the (Cu0.6Zr0.3Ti0.1)100−xNix BMG
rods with a diameter of 1.5 mm, where Tg and Tx corre-
spond to glass transition temperature and onset tempera-
ture of crystallization, respectively. By addition of Ni
element, the supercooled liquid region (Tx  Tx – Tg)
significantly increases from 40 K at 0 at.% Ni to 60 K at
5 at.% Ni and then decreases to 56 K at 7 at.% Ni,
accompanied by the change in the crystallization mode
from multiple stages to a single stage. The critical diameter
for glass formation (dc) was 3 mm at 5 at.% Ni and 2.5 mm
at 7 at.% Ni. As a result, the (Cu0.6Zr0.3Ti0.1)95Ni5 qua-
ternary alloy is the optimum in the GFA and thermal
stability of the supercooled liquid region. With the fur-
ther addition of Nb to the (Cu0.6Zr0.3Ti0.1)95Ni5 quater-
nary alloy, the DSC curves of the as-cast 1.5 mm
(Cu0.6Zr0.3Ti0.1)100−x−yNiyNbx glassy rods are shown in
Fig. 3. As the Nb content increases, the Tg increases
slightly while the Tx decreases, resulting in a decrease in
Tx from 60 K at 0 at.% Nb to 40 K at 6 at.% Nb. The
FIG.1. XRD patterns of the as-cast (Cu0.6Zr0.3Ti0.1)100−x−yNiyNbx
rods with a diameter of 1.5 mm.
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critical diameter was 3 mm for the alloys with Nb con-
tents up to 4 at.% and 2.5 mm for the 6 at.% Nb alloy.
The results indicate that the Cu–Zr–Ti–Ni–Nb alloys still
keep rather high GFA, although the additional element
Nb shows negative effect on the GFA and thermal sta-
bility. Based on these DSC curves in Figs. 2 and 3, the
composition dependence of Tg, Tx, Tx, and dc for the
(Cu0.6Zr0.3Ti0.1)100−x−yNiyNbx BMGs is summarized in
Table I. It is seen that the Tx shows a maximum value
of 60 K at (Cu0.6Zr0.3Ti0.1)95Ni5 and decreases with in-
creasing Nb content. Accordingly, the Cu-based BMGs
with alloying elements Ni and Nb possess the critical
diameters of 2.5–3 mm and large Tx values of 40–60 K
in the Cu–Zr–Ti–Ni–Nb system, indicating the high GFA
and high thermal stability.
To investigate the reason for the high GFA in the wide
composition range for the present alloys, liquidus tem-
perature (Tl) values were measured by DTA at a cooling
rate of 0.033 K/s, as shown in Fig. 4. Tl increases with
increasing Ni content and slightly increases with further
addition of Nb to the (Cu0.6Zr0.3Ti0.1)95Ni5 alloy. Ac-
cording to the Tg values obtained by DSC and the Tl
values obtained by DTA for the alloys, the reduced glass
transition temperature (Tg/Tl) values are evaluated to be
in the range of 0.60 to 0.61, as shown in Table I. The
rather high Tg/Tl values of the Cu–Zr–Ti–Ni–Nb alloy
system are consistent with the formation of bulk metallic
glasses with critical diameters of 2.5–3 mm in the wide
composition range, although the Tg/Tl value decreases
with increasing Ni and Nb contents.
It has been reported that the high GFA leading to the
formation of a bulk metallic glass is obtained in the
multicomponent alloy systems according to the follow-
ing three empirical rules18–20: (i) multicomponent system
consisting of more than three elements, (ii) significant
atomic size mismatches above 12%, and (iii) suitable
negative heats of mixing. As reported in the Cu–Zr(Hf)–
Ti–Nb alloys,13–15 additional Nb element has nearly zero













Cu60Zr30Ti10 719 759 40 1170 0.61 4.0
(Cu0.6Zr0.3Ti0.1)95Ni5 727 787 60 1198 0.61 3.0
(Cu0.6Zr0.3Ti0.1)93Ni7 735 791 56 1225 0.60 2.5
(Cu0.6Zr0.3Ti0.1)93Ni5Nb2 728 778 50 1204 0.61 3.0
(Cu0.6Zr0.3Ti0.1)91Ni5Nb4 730 776 46 1209 0.60 3.0
(Cu0.6Zr0.3Ti0.1)89Ni5Nb6 735 775 40 1214 0.60 2.5
FIG. 2. DSC curves of the as-cast (Cu0.6Zr0.3Ti0.1)100−xNix (x  0 to
7 at.%) glassy rods with a diameter of 1.5 mm.
FIG. 3. DSC curves of the as-cast (Cu0.6Zr0.3Ti0.1)95−xNi5Nbx (x  0
to 6 at.%) glassy rods with a diameter of 1.5 mm.
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or positive heat of mixing against the base constituent
elements of Cu, Zr(Hf), and Ti. The effect of addition of
Nb shows a deviation from the third of the empirical
rules. However, for the present Cu–Zr–Ti–Ni–Nb alloys,
the atomic size of Ni is 0.125 nm, and hence the addition
of Ni gives rise to the following sequent change in their
atomic sizes, i.e., Zr(0.162 nm) > Ti(0.147 nm) >
Nb(0.143 nm) > Cu (0.128 nm) > Ni (0.125 nm).21 Be-
cause of the smallest atomic radius of Ni among the
constituent elements, it is suggested that Ni is likely to
infill a vacant site among the atoms in the disordered
structure, leading to the release of extra free energy and
the increase in the stability of a glassy state. On the other
hand, Ni has highly negative heats of mixing with Zr, Ti,
and Nb of −49, −35, and −30 kJ/mol,22 respectively.
These values are even larger than those for Cu–Zr and
Cu–Ti atomic pairs of –23 and –9 kJ/mol, respectively.
As a result, atomic size effect among the constituents and
the strong chemical affinities of Ni–Zr, Ni–Ti, and Ni–
Nb cause an increase in the degree of the satisfaction of
the three empirical rules, which leads to the formation of
a new liquid structure with highly dense random packed
atomic configurations, new local atomic configurations,
and long-range homogeneous atomic configurations with
strong interaction.18–20 The increase and maintenance of
the bulk glass-forming ability in the wide Nb content
range for the Cu–Zr–Ti–Ni–Nb alloys is due to the ex-
istence of Ni element. Meanwhile, the strong Ni–Nb
bonding pair also supports the present result.
B. Effects of Ni and Nb additions on
corrosion resistance
Figures 5 and 6 show the average corrosion rates of the
as-cast 1.5 mm (Cu0.6Zr0.3Ti0.1)100−x−yNiyNbx glassy
rods immersed in 1 N HCl and 3 mass% NaCl solutions
at 298 K open to air for 1 week, respectively. The cor-
rosion rates of the alloys containing only Nb and an
industrial brass (60 wt% Cu + 40 wt% Zn) are also pre-
sented for comparison. In Fig. 5, the corrosion rate in 1
N HCl is 0.66 mm/year for Cu60Zr30Ti10. The corrosion
rate decreases significantly to about 0.1–0.2 mm/year by
the addition of 5–7 at.% Ni or 2–4 at.% Nb and further
decreases by the simultaneous addition of Ni and Nb. No
weight loss is detected for the (Cu0.6Zr0.3Ti0.1)89Ni5Nb6
glassy alloy, indicating a corrosion rate of less than
1 × 10−3 mm/year, which was the detection limit for the
present measurement. It is, therefore, evident that the
simultaneous addition of Ni and Nb to the alloys is more
effective for improving the corrosion resistance in the
strong corrosive solution. Similar remarkable improve-
ment of corrosion rate is also recognized in 3 mass%
NaCl solution, as shown in Fig. 6. The addition of 5 at.%
Ni or 5 at.% Nb causes a significant decrease in corrosion
rate from 0.29 mm/year for Cu60Zr30Ti10 to 0.013 or
0.018 mm/year, respectively. No appreciable loss in
sample weight is detected for the alloys simultaneously
FIG. 4. DTA curves of the (Cu0.6Zr0.3Ti0.1)100−x−yNiyNbx (x  0 to
6 at.% and y  0 to 7 at.%) alloys.
FIG. 5. Corrosion rates of the Cu–Zr–Ti–Ni–Nb BMGs in 1 N HCl
solution at 298 K open to air.
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containing Ni and Nb elements. Furthermore, it is well-
known that the industrial brass exhibits high corrosion
resistance in sea water. The corrosion resistance of the
7 at.% Ni alloy is almost the same as that of the industrial
brass, and the corrosion resistance of the alloys by the
simultaneous addition of Ni and Nb elements is better
than that of the industrial brass. Therefore, the Cu-based
BMGs with simultaneously alloying Ni and Nb elements
exhibit high corrosion resistance under strong corrosion
conditions, resulting from the synergistic effect of Ni and
Nb additions.
Figure 7 shows anodic polarization curves for the as-
cast 1.5 mm (Cu0.6Zr0.3Ti0.1)100−x−yNiyNbx glassy alloys
in 3 mass% NaCl solution at 298 K. It is clearly seen that
the alloys with and without Ni exhibit different polari-
zation behavior. The alloys without Ni suffer general
corrosion. However, the alloys containing Ni are spon-
taneously passivated with low passive current density,
although they suffer pitting corrosion by anodic polari-
zation. Moreover, their pitting corrosion potentials are
nobler with an increase in Ni and Nb contents. In par-
ticular, the simultaneous addition of Ni and Nb to the
alloys is beneficial for enhancing the pitting corro-
sion potential against localized corrosion in chloride-
containing solutions.
C. XPS analysis of surface film
To clarify the synergistic effect of alloying elements
Ni and Nb on the corrosion resistance and the surface-
related chemical characteristics of the alloys, XPS analy-
sis was performed for the (Cu0.6Zr0.3Ti0.1)89Ni5Nb6 alloy
as-polished mechanically in cyclohexane or immersed
for one week in 1 N HCl and 3 mass% NaCl solutions.
The XPS spectra of the specimens over a wide binding
energy region exhibited peaks of Cu 2p, Zr 3d, Ti 2p, Ni
2p, Nb 3d, O 1s, and C 1s. The C 1s spectrum showing
a peak at around 285.0 eV arose from a contaminant
hydrocarbon layer covering the topmost surface of the
specimen. The O 1s spectrum was composed of at least
two overlapping peaks, which were so-called OM and
OH oxygen. The OM oxygen corresponds to O2− ions in
oxyhydroxide and/or oxide, and the OH oxygen is oxy-
gen linked to proton in the film, composed of OH− ions
and bound water in the surface film.16,23 The photoelec-
tron spectrum of Cl arising from the solution species was
less than the detectable level. The spectrum peaks from
alloy constituents were composed of peaks of oxidized
states and metallic states; the oxidized states (ox) and
metallic states (m) are assigned to signals from the sur-
face film and underlying alloy surface just beneath the
surface film, respectively. However, on the other speci-
mens, those peaks showed only oxidic peaks because the
surface films on the specimens were much thicker than
the escape depths of photoelectrons. Considering the Cu
2p electron spectrum and the Cu L3M4,5M4,5 Auger
peaks, the copper was distinguished as Cu2+, Cu+, and
Cu0 states.
Figure 8 shows examples of the deconvolution of
(a) Zr 3d spectrum for the alloy exposed to air after
mechanical polishing and (b) Ti 2p spectrum of the alloy
immersed in 3 mass% NaCl at 298 K for 168 h. In
Fig. 8(a), the Zr 3d5/2 and Zr 3d3/2 peaks consist of two
doublets: the Zr 3d5/2 and 3d3/2 peaks corresponding to
the metallic state Zr0 are located at 179.4 and 181.5 eV,
respectively, and those corresponding to the Zr4+ state
appear at 182.7 and 185.1 eV, respectively. The Ti 2p
spectrum [Fig. 8(b)] consists of one set of 2p3/2 and 2p1/2
peaks of oxidized state. The peaks located at 458.8 and
464.5 eV are assigned to Ti 2p electrons of Ti4+ ions. No
peak corresponding to metallic state (Ti0) was detected.
FIG. 6. Corrosion rates of the Cu–Zr–Ti–Ni–Nb BMGs and an indus-
trial brass in 3 mass% NaCl solution at 298 K open to air.
FIG. 7. Anodic polarization curves of the Cu–Zr–Ti–Ni–Nb BMGs in
3 mass% NaCl solutions at 298 K.
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Figure 9 shows an example of deconvolution of the Cu
2p3/2 peaks and Cu
2+ satellite peaks obtained from the
alloy exposed to air after mechanical polishing. The Cu0
and Cu+ peaks overlap each other. By analysis and de-
convolution of the Cu L3M4,5M4,5 Auger peaks, the cop-
per was separated as Cu2+, Cu+, and Cu0 states.
After integrated intensities of the peaks for individual
species were obtained, the thickness and composition of
the surface film and the composition of the underlying
alloy surface were determined quantitatively using a pre-
viously proposed method.16,17 Figure 10 shows the sur-
face film compositions of the (Cu0.6Zr0.3Ti0.1)89Ni5Nb6
alloy exposed to air and those immersed in the 1 N HCl
and 3 mass% NaCl solutions after mechanical polishing.
In the surface film formed by air exposure after mechani-
cal polishing, the ratio of the fractions of Cu, Zr, Ti, Ni,
and Nb is about 45.5:32.5:14.7:2.1:5.2 (the nominal ratio
Cu:Zr:Ti:Ni:Nb  53.4:26.7:8.9:5:6). The cationic frac-
tions of Zr and Ti increase in the surface film, whereas
those of Cu, Ni, and Nb cations reduce with respect to the
alloy composition. This fact indicates that the preferen-
tial oxidation of Zr and Ti occurs in the air-formed film.
Consequently, air exposure of (Cu0.6Zr0.3Ti0.1)89Ni5Nb6
alloy after mechanical polishing results in preferen-
tial oxidation of Ti and Zr in the surface, and deficiency
of Cu, Ni, and Nb elements in the surface. The major
cations in the surface film were Cu2+, Cu+, Zr4+, Ti4+,
Ni2+, and Nb5+.
Immersion for 168 h in different solutions gives rise to
the formation of a new film, which is different from the
air-formed film. When the alloy is immersed in HCl so-
lution, the fraction of Cu cations in the surface film sig-
nificantly decreases as compared with that in air-formed
FIG. 8. Example of deconvolution of (a) Zr 3d spectrum for (Cu0.6Zr0.3Ti0.1)89Ni5Nb6 alloy exposed to air and (b) Ti 2p spectrum measured for
the alloy after immersion in 3 mass% NaCl solution at 298 K for 1 week.
FIG. 9. Cu 2p spectrum for (Cu0.6Zr0.3Ti0.1)89Ni5Nb6 alloy exposed to
air after mechanical polishing.
FIG. 10. Changes in cationic fractions in the surface film for the
as-cast (Cu0.6Zr0.3Ti0.1)89Ni5Nb6 alloy exposed to air and samples
immersed in 1 N HCl, 3 mass% NaCl solutions open to air for 1 week
after mechanical polishing.
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surface and reduces more after immersion in the 3 mass%
NaCl solution. Simultaneously, the cationic fractions of
Zr and Ti cations greatly increase in the alloy surface
immersed in the HCl and NaCl solutions. On the other
hand, it is found that the surface films of the alloy im-
mersed in the solutions are enriched in Nb with respect to
that in the as-polished film or the alloy Nb content. It is
worth noting that no Ni element is observed in the sur-
face film after immersion in those solutions, imply-
ing rapid initial preferential dissolution of Ni in the sur-
face film.24–26 Therefore, open-circuit immersion leads
to the formation of Zr-, Ti-, and Nb-enriched surface film
as a result of rapid initial preferential dissolution of Cu
and Ni.
The nature of passive surface films on the alloys plays
a vital role in the mechanism of corrosion resistance.
Generally, the passivation of alloys occurs through the
active dissolution of metals at the initial periods of im-
mersion in a solution. The high chemical reactivity of the
alloys brings on the rapid accumulation of beneficial spe-
cies in the passive film. In Fig. 7, it is clearly seen that
the Cu–Zr–Ti–Ni–Nb alloys with and without Ni exhibit
different polarization behavior in 3 mass% NaCl solu-
tion. The alloys containing Ni are spontaneously
passivated with low passive current density. The XPS
results shown in Fig. 10, provide clarification that open-
circuit immersion in HCl and NaCl solutions for the
(Cu0.6Zr0.3Ti0.1)89Ni5Nb6 alloy leads to the rapid accu-
mulation of the beneficial species Zr, Ti, and Nb cations
in higher concentration at the alloy/solution interface af-
ter the initial fast dissolution of the active components
Cu and Ni, and hence spontaneous passivation occurs.
After passivation, the passive films, which are highly
enriched in Zr, Ti, and Nb cations and largely deficient in
Cu cations, are protective enough to prevent further dis-
solution of Cu and Ni through the surface. As indicated
by the results of immersion testing, when the present
alloy was immersed in those solutions for 1 week, no
weight loss was detected with the present microbalance.
This in turn verifies the high stability of the passive
states. Therefore, it is considered that the addition of Ni
helps to enhance the accumulation of beneficial passivat-
ing elements (Zr, Ti, and Nb) on the alloy surface as a
result of fast dissolution of alloy constituents (Cu and
Ni), resulting in the formation of a highly protective pas-
sive film in comparison with the alloys free of Ni. In
return, the enrichment of Nb element in the surface film
provides a high passivating ability for the present alloy
immersed in those solutions. Comparing the alloys without
Ni and Nb, i.e., Cu60Zr30Ti10 and (Cu0.6Zr0.3Ti0.1)95Nb5,
13
the Cu content was largely concentrated in the surface
films of the Cu60Zr30Ti10 alloy after immersion in HCl
and NaCl solutions. The surface film containing such a
large amount of Cu could not protect the alloy against
corrosion.13,15,27 Although the addition of 5 at.% Nb to
Cu–Zr–Ti alloy decreased the Cu content in the surface and
modified the surface film of the (Cu0.6Zr0.3Ti0.1)95Nb5
immersed in the corrosive solutions, the Cu concentra-
tion in the surface was still high. It can, therefore, be said
that the protective quality of the surface films is im-
proved by the presence of Ni and Nb. Consequently, the
origin of high corrosion resistance for the present alloy in
chloride containing solutions is explained by formation
of the highly protective Zr-, Ti-, and Nb-enriched surface
film, which is able to separate the bulk of the alloy from
the corrosive solutions.
IV. CONCLUSIONS
The synergistic influence of Ni and Nb elements on the
glass-forming ability, thermal stability of supercooled liquid,
and corrosion resistance of (Cu0.6Zr0.3Ti0.1)100−x−yNiyNbx
alloys was investigated. The results are summarized as
follows:
(1) The addition of Ni element causes an extension of
a supercooled liquid region from 40 K for Cu60Zr30Ti10
to 60 K for (Cu0.6Zr0.3Ti0.1)95Ni5, which is effective for
the increase in thermal stability of the supercooled liquid
before crystallization.
(2) The (Cu0.6Zr0.3Ti0.1)100−x−yNiyNbx (x  0 to 6 at.%
and y  0 to 7 at.%) alloys can be synthesized in a
bulk glassy form with critical diameters of 2.5–3 mm by
copper-mold casting, although the GFA and thermal sta-
bility exhibit a slight decrease with the addition of Nb
element.
(3) The simultaneous addition of Ni and Nb to the
Cu–Zr–Ti alloys is effective for improving synergisti-
cally the corrosion resistance of the alloys by remarkably
decreasing the corrosion rates in chloride containing so-
lutions and enhancing the pitting potential against the
localized corrosion.
(4) The highly protective Zr-, Ti-, and Nb-enriched
surface film is formed by the rapid initial preferential
dissolution of Cu and Ni, which is able to separate the
bulk of the alloy from the corrosive solutions.
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